Abstract The concern about the preservation of biodiversity is due, in part, to a great level of media coverage granted in the last few years to global warming and consequential climatic changes. However, there are still considerably large gaps in scientific knowledge regarding the ecological status of many species, which results in an absence of conservation strategy for most of Earth's biodiversity in need of it. The extinction of many animal and plant species can have catastrophic consequences on the ecosystems' balance and also in human well-being, resultant from the break of ecological services. To exemplify how a specific group of microscopic animals can be endangered, I have analyzed the case of the phylum Tardigrada. Tardigrades are microscopic animals that inhabit most environments: terrestrial, freshwater and marine. Even though many species are widespread and the terrestrial ones granted with cryptobiotic skills, they are adapted to each habitat type and, additionally, to local environmental patterns. This means that these tiny metazoans can be under significant environmental pressure in the various habitat types they are found in. The potential need of protective and compensatory measures aiming for appropriate conservation of these life forms is discussed, as is the need of studying for their objective elaboration.
sustainable use and the sharing of benefits arising from the exploration of genetic resources (United Nations 1993).
The European Community has ever since been looking to be in the lead of friendly biodiversity policy-making. Examples of such concern are the Natura 2000 Network of protected areas, LIFE projects and management plans as financial instruments supporting nature conservation projects. The most relevant of the latest political endeavors in this field was known as Countdown 2010, an agreement achieved in 2001 by EU governments towards sustaining biodiversity loss and recovering natural habitats by 2010, which around 130 other world leaders joined in 2002.
Meritorious as these efforts are, there are still great gaps in knowledge regarding poorly known taxonomic groups such as invertebrates, plants, tropical biota and all aquatic and subterranean habitats (Millennium Ecosystem Assessment 2005) . Lévêque et al. (2005) estimated that there are around 100,000 known freshwater animal species today, half of which are insects. However, many freshwater biodiversity assessment studies tend to focus on better-known groups such as fish and/or on endemic or keystone species. Also, they claim, official species richness indexes should be severely underestimated in lesser studied groups, such as protozoans, annelids or nematodes. Concerning the Protozoa, for instance, much of our knowledge of the group's biodiversity is tightly linked to clinical disease in vertebrates, mainly mammals (Adlard and O'Donoghue 1998) . There is, however, a whole new world of diversity to be unveiled in the Protozoa alone, regarding those associated with invertebrates (i.e., Vicente et al. 2008) as well as all other free living species.
The IUCN's Red List of Threatened Species includes 44,838 species with assessed conservation statuses in its 2008 update (Vié et al. 2009 ). This number has been increasing each year and undoubtedly reflects the work of many, yet it still only represents 2.73% of all described species to date. Moreover, a quick analysis allows for a view of really how biased these assessments are towards some taxonomic groups. Considering the better studied ones, mammals and birds, 100% of the currently described species have been evaluated for their conservation statuses and, out of these, 21% out of 5,488 mammal species and 12% out of 9,990 bird species are considered to be endangered.
Turning our attention to one of the lesser studied groups, we see that only 0.13% out of all the described insect species have an evaluated status, 50% of which are endangered. This means that half of the few insect species whose conservation statuses have been assessed were classified as threatened, yet extremely few out of the 950,000 calculated species known to science have been graced with conservational study. Let me highlight that this last number does not include an estimate of the insect species that are yet to be described (surely many more than birds or mammals), which means that considering insects alone, the actual number of threatened species could easily surpass that of the sum of all existing vertebrates. A similar scenario is shared by the rest of invertebrates, plants, algae, lichens and mushrooms: very few known species have been evaluated for their threatened statuses, with few exceptions. Therefore, it appears necessary to enrich the Red List of Threatened Species with many invertebrate species endemic and/or living in specific habitats easily endangered (caves, small lakes, small rivers).
Additionally, I think that we still take biodiversity conservation under a prejudice of scale, neglecting living organisms to an extensively greater degree the smaller they get, even when knowledge is available. Stork et al. (2008) show evidence of this problem, studying canopy beetles. If this is true for small macroscopic animals, the more truthful it becomes for microscopic ones. In other words, when we talk about preserving biodiversity, we should not disregard microscopic organisms since their existence is of a crucial nature for the maintenance of a sustainable balance in all of Earth's ecosystems.
In order to illustrate how a specific group of microscopic organisms can be endangered, let's consider the Tardigrada phylum. Tardigrades, commonly known as water bears, are microscopic metazoans, usually much less than 1 mm in length that can be found in most environments, terrestrial, freshwater and marine.
On terrestrial environments, their preferential living substrates are mosses, lichens and leaf litter. Regardless of their ability to disperse with ease and high abundance, tardigrades are habitat-dependent in a similar way to larger animals (Guil et al. 2009 ). Many limnoterrestrial species are ecologically specialized and able to survive only in particular microenvironmental conditions. This is particularly true for parthenogenetic taxa with low individual variability (Pilato 1979; Pilato and Binda 2001) , and recent studies demonstrate that the number of endemic species is higher than traditionally believed (Pilato 1979; Pilato and Binda 2001) . Hence, the destruction of these micro-habitats, due to e.g. the humanization of natural areas, causes obvious reduction of population effectives and may cause similar results in the phylum's biodiversity, with the extinction of some species even before they were known to science. Other causes behind habitat reduction are, for instance, air pollution, as this is known to inhibit lichen growth (Jovan 2008) . Moreover, pollution can directly cause a reduction in tardigrade species and specimen number (Vargha et al. 2002) . A contemporary example of the effect air pollution has on these animals comes from China, were acidic rain appears to be behind the disappearing of tardigrades from most areas where air pollution is stronger (Miller, pers. comm.) .
Forest fires are another obvious menace yet, ironically, some fire prevention procedures may end up being an even bigger one. Quartau (2008) pinpoints how mandatory forestall vegetation clearance methodologies have been carried out in Portugal and how much they represent a serious threat to biodiversity. These methods involve the complete removal of all potential burning materials, including bushes, herbaceous plants and grasses, pines, branches and leaf litter. Since these organic materials will usually be burnt for energy production, the outcome is clearly catastrophic for animal groups inhabiting those substrates, including ground fauna, entomofauna and other macro and micro invertebrates, as well as for all the inferior plants that are removed. Considering just the fauna, mass extinctions can take place, resulting in the loss of an unprecedented number of endemic species, before they were even known to science (Quartau 2008 ). Additionally, we should also consider the ecological consequences both for humankind, with the breaking of ecological services, as well as for all other fauna to some extent dependent on the lost biodiversity. Among such ecological services are the maintenance of the nutrient cycle and soil fertility, the production of food, fuel and medicines, the regulation of hydric resources, air and climate (Commission of the European Communities 2006), and the control of pests or diseases (Price 1987) . These roles played by the natural systems highlight how important biodiversity is for sustainable development and general human well-being.
Returning to the example of tardigrades, global warming poses the greatest menace to the freshwater species. Rebecchi et al. (2009) recently demonstrated that the limnic species Borealibius zetlandicus is intolerant to desiccation. In the case of this limitation being shared by other limnic species, they can become extinct in temperate areas such as Southern Europe, where future higher temperatures may turn permanent rivers, ponds and lagoons into temporary ones. The eventual verification that strictly freshwater species are desiccation intolerant should not come as a surprise since the ability to undergo anhydrobiosis is an adaptation of the terrestrial tardigrades and most marine tardigrades are known to be desiccation intolerant (Ramazzotti and Maucci 1983) .
That does not mean, however, that the terrestrial species cannot be endangered by the climatic changes, since their desiccation tolerances have been proved to differ from one climatic region to another (Horikawa and Higashi 2004) , and local adaptation to current climatic patterns is a decisive factor in the current geographic distribution of tardigrades (Faurby et al. 2008; Pilato 1979; Pilato and Binda 2001) .
In marine environments, tardigrades can be found anywhere, from deep sea floors to beaches, dwelling in the sediments. However being one of the main groups comprising meiofauna, their ecological importance is still poorly understood. On beaches, species distribution follows a tide influenced gradient (Kinchin 1992; Morgan and Lampard 1986) . Considering the expected rising of the sea level as yet another consequence of global warming, the species distribution pattern can be totally disrupted along worldwide shores, wherever beaches become permanently flooded. This could mean the loss of immense habitat areas that are vital for the survival of this and other faunal groups. Adrianov (2004) estimates meiofauna to be composed of 20-30 million species, so it is not difficult to imagine how a swift change in the sea level would affect many animal species inhabiting the current tidal zone. Aquatic pollution from all types of sources may also have an impact on marine tardigrades, but no studies exist hitherto on this subject. Pollution has, however, been proved to negatively correlate with nematode population structure in an estuarine environment (Gyedu-Ababio et al. 1999) . Hence, the assumption of a negative effect from water pollution on marine tardigrades should not strike us as being too far-fetched.
Facing any of the previously referred cases of potential harm to the diversity of tardigrades, one could argue that given the great colonization capabilities these animals have, it would allow them to re-populate any given habitat, once the threat disappears. True as it may be for some ubiquitous species, it will not be so for all others that are endemic. We should also keep in mind that the event of a re-colonization does not exclude the hypothesis of considerable genetic diversity loss. Malmström et al. (2009) found that 5 years after a fire the number of tardigrades had reached 52% of those found in the unburnt area. Nevertheless, this study did not include any species identification procedures, so it is impossible to infer on how effective re-colonizations can be in restoring the original biodiversity levels. The destruction of a microhabitat to which an endemic species is uniquely linked produces a marked reduction of genetic diversity or even the extinction of that species. More studies on this matter are required, since our limited knowledge prevents us from reaching the understanding on whether or not preventive measures are required to protect micro-fauna, as well as on which they should be.
Lack of knowledge should not, however, be reason enough to prevent the taking up of protective measures, general as they may be. This is stated in the Convention on Biological Diversity (2001): ''(…) where there is a threat of significant reduction or loss of biological diversity, lack of full scientific certainty should not be used as a reason for postponing measures to avoid or minimize such a threat.'' Increasing our understanding of biodiversity and the ecosystem's services is today a critical need and also a scientific challenge in order to perfect future political response (Commission of the European Communities 2006).
Considering the absolute inexistence of studies regarding tardigrade diversity from a conservational point of view, I believe that these animals, and others, could benefit from some preventive and compensatory measures, in order to counter-act current threats. I hereby suggest a few, divided into general and specific ones.
Generally all micro-invertebrate populations would benefit from:
(a) A reduction in all forms of environmental pollution.
(b) An immediate cutback in greenhouse-effect gas emissions, in order to prevent shortterm climatic changes.
(c) A decrease in the current rate of habitat destruction resulting from human activities. An example of how habitat conversion for human usage could be compensated would be achieved by a more frequent adoption of what is known as ''Green roofs''. This architectural practice is common, for instance, in some northern European regions and consists of creating gardens or other green areas in roof tops, thus 'giving back' a certain percentage of the soil surface that was 'robbed' by the construction.
On a specific level, this particular taxon could benefit from:
(d) Forestall clearance methodologies that took micro-fauna into consideration. These would include the removal of only the strictly necessary amount of biomass from woods, roads, paths or forestall corridors. Additionally, the removed materials should not be burned or destroyed in any other way in order to preserve all the live-forms contained there. As an alternative, they could be translocated to a nearby area where the risk of fire would be inferior or virtually inexistent. (e) Ex situ preservation projects. These could be conducted in public or private gardens or green houses and would act as genetic banks, in a similar way to the part played by zoos and aquariums today. (f) Beaches partially or totally closed to humans. This would protect coastal/marine life from the great pressure imposed by people during summer months, and could be achieved by implementing coastal protected areas. (g) An extension of taxonomic and biological studies. Particularly useful appears the recent genetic work: Tardigrade Barcoding Project (Schill 2009 ), TABAR (Guidetti et al. 2009b) , TardiBASE (Blaxter 2008) , Kumamushi Genome Project (Kunieda et al. 2008) , MoDNA Guidetti et al. 2009a ). This would not only inflate our level of knowledge but would potentially help create new lines of research where water-bears have not yet been used. It would also help draw media attention to the taxon, important leverage for a successful conservation strategy.
All of these suggestions are being made a priori and, even though some of them could prove to be somewhat correct, they would have to be refined in order to accurately provide protection for the Tardigrade biodiversity. Obviously, such perfectioning of any given conservational methodology can only arise from previous studying. These pioneer studies shall hopefully come true in a near future, for they are critically necessary not only to help us protect a vast animal taxon whose full ecological importance still eludes our understanding; but also, and more importantly, to help bring about a more generalized discussion on the conservation of all of those taxonomic groups thus far neglected.
